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SUMMARY 

A  description  is  given  of  three  pulse  generators  ehioh  produce  related 
waveforms  used  in  the  oontrol  of  a  directly  ooupled  logic  system.  The  direotly 
coupled  transistor  logio  (DCTL)  technique  is  first  expounded  in  so  far  as  it  is 
relevant  to  the  material  in  the  text. 

Each  generator  is  considered  first  in  general  terms  oomplete  with  the 
associated  logio  diagrams*  end  then  a  detailed  description  is  given  of  the 
praotioal  interpretation  illustrated  with  schematic  diagrams  and  waveforms. 
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1  INTRODUCTION 

The  timing  of  operation*  in  any  aynohronous  loglo  system  preauppoaea  the 
availability  of  suitable  oontrol  waveforms.  The  timing  pulae  ayatem  to  be 
deaoribed  waa  developed  for  a  aerial  mode  digital  computer,  although  its  applica¬ 
tion  is  not  confined  to  this  and  waa  adapted  to  the  requirements  of  the  direotly 
coupled  elements  of  which  the  ooaputer  is  formulated. 

In  the  timing  organisation  of  a  aerially  operated  ooaputer,  it  ia  ooomon 
praotioe  to  divide  the  time  allotted  for  a  computation  atep  into  equal  periods 
to  oorrespond  to  the  number  of  arithmetic  operation*  to  be  performed  in  that 
step*  The  resulting  periods,  oalled  word  periods,  are  sub-divided  aooordiag 
to  the  nuaerdoal  length  of  the  numbers  to  be  prooessed  at  eaoh  arithmetic  opera¬ 
tion,  eaoh  sub-division  being  named  a  digit  period.  To  enable  logioal  and 
timing  restandardisation  operations  to  be  carried  out  within  a  digit  period, 
the  latter  is  further  sub-divided  into  a  convenient  number  of  phases* 

Sinoe  the  serial  type  computer  is  essentially  synchronous,  it  is  necessary 
to  define  eaoh  and  every  word  period  described  above  by  pulses  of  identioal  dura¬ 
tion  which  occur  at  the  appropriate  rates*  The  required  pulse  trains  for  the 
word,  digit  and  fraotional-digit  periods  are  given  the  designations  A,  P  and  p 
respectively.  Thus  the  word  periods  are  labelled  A1,  A2.*.*.An,  the  digit 
periods  PI,  P2 . Pn  etc. 

A  brief  specification  for  these  waveforms  is  set  out  belowt 


A  Waveforms 

Repetition  rate 
Pulse  duration 

No.  of  waveforms  per  computation  step 

P  Waveforms 

Repetition  rate 
Pulse  duration 

No.  of  waveforms  per  word  period 

p  Waveforms 

Repetition  rate 
Pulse  duration 

No.  of  waveforms  per  digit  period 


10  Ko/seo 
25  mioroseoonds 
4 


40  Ko/seo 
1  microsecond 

25 


1  Mo/seo 

0.25  mioroseoonds 
4 


A  diagram  illustrating  the  relationship  between  these  waveforms  is  given 
in  Pig*1  • 

It  is  the  purpose  of  this  Not*  to  desorlbe  the  means  by  which  these  wave¬ 
forms  are  generated  and  tailored  to  the  needs  of  the  direotly  ooupled  transistor 
logio  (DCTL)  technique. 
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2  THE  DIRECTLY  COUPLED  TECHNIQUE 

2.1  Choioe  of  treniiitor 


In  order  to  expose  the  requirements  of  pulse  generators  which  oontrol  a 
system  employing  the  DCTL  technique1 >2*3»4f  the  latter  will  be  expounded  to 
the  extent  neoeasary.  In  any  event,  small  parts  of  the  generators  themselves 
employ  the  teohnique.  The  translator  type  which  was  designed  speoifioally  to 
realise  reliable  direot  coupling  of  transistor  amplifier  stages  is  the  surface 
barrier  or  ndoro-alloy  type.  The  particular  unit  whioh  is  most  readily  avail¬ 
able  ia  the  SB  240  manufactured  by  Semiconductors  Ltd.  A  summary  of  its 
characteristics  is  set  out  below. 


Maximua  ratings 


Oolleotor  voltage 

-6V 

Oolleotor  current 

15  mA 

Base  ourrent 

5  mi 

Total  dissipation  at  25°C 

30  mV 

Switohina  parameters 

Minimum 

Typical 

Maximum 

Oolleotor  saturation  voltage 

(Io  »  3  mA  lb  ■  0.3  mA) 

60 

100  millivolts 

Leakage  ourrent  (Voe  ■  4.5V  Vbe 

a  -100  mV) 

70 

150  mioroamps 

Current  gain  Bo  (Voe  *  -0.5V  Io 

-  3  mA) 

15 

Cut  off  frequenoy  f, 

25 

50 

Mo/seo 

Hole  storage  faotor 

86 

120  nanoseos 

Inoluded  also  ia  a  diagram  depioting  the  spread  of  the  input  characteris¬ 
tic  (Fig. 2a)  and  another  showing  a  typioal  output  characteristic  ( Tig. 2b).  The 
information  given  shows  that  this  transistor  is  suitable  for  the  direot  coupling 
of  oomnon  emitter  stages  as  illustrated  in  7ig.3.  It  can  be  seen  that  it  ia 
capable  of  saturating  to  a  level  below  100  millivolts  and  that  a  reasonably 
small  oolleotor  ourrent  flows  when  the  transistor  is  supplied  with  a  base-emitter 
voltage  of  this  value.  It  should  be  noted  however  that  coupling  the  oolleotor 
junction  of  one  transistor  direotly  to  the  base-emitter  junction  of  the  next, 
modifies  the  first  transistor's  output  characteristic.  The  effect  on  a  typical 
characteristic  is  shown  in  Tig. 4  and  due  consideration  should  be  given  to  it  in 
design. 

A  typioal  rise  or  fall  time  over  a  oolleotor  excursion  of  0.5V  and  when 
operating  under  saturating  oonditions,  is  15  nanoseos.  An  exouraion  of  this 
value  was  ohosen  because  this  is  a  typioal  value  enoountered  in  praotioe.  It 
is  limited  by  the  oonstant  voltage  form  of  the  suooeeding  transistors  input 
characteristic.  This  means  that  the  transistor  must  be  capable  of  an  adequate 
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current  gain  at  low  voltage  levels  and  at  high  frequenoies*  The  poor  performance 
of  most  transistor  types  under  these  conditions  is  an  inherent  weakness*  but  the 
summary  of  parameters  above  shows  that  this  defect  is  mitigated  by  the  use  of  the 
surface  barrier  transistor. 

The  tum-on  delay  of  a  transistor  is  due  to  the  finite  transit  time  of 
current  oarriers  through  the  base  material.  Sinoe  the  surface  barrier  transistor 
features  an  extremely  thin  base  region*  the  delay  time  is  very  small*  typically 
5  nanoseos.  The  tun-off  delay  time  however  is  mainly  due  to  the  phenomenon  of 
hole  storage  (p.n.p.  transistors).  This  storage  delay  time  is  predictable^*  a 
hole  storage  factor  being  used  to  compare  transistors  working  under  the  same 
operating  conditions.  It  varies  with  the  degree  of  saturation  and  from  trans¬ 
istor  to  transistor*  a  3  »  1  spread  being  typical.  This  effect  is  undesirable 
in  a  synchronous  logio  system*  beoause  it  oauaes  pulse  elongation  and  displace¬ 
ment  in  addition  to  overlap  between  adjacent  pulses.  These  defeots  oan  be  over¬ 
come  by  use  of  the  p  pulses  for  timing  restandardisation*  provided  that  the  p 
pulses  themselves  are  relatively  free  from  these  sue  defeots.  The  difference 
between  the  maximum  and  minimum  hole  storage  times  likely  to  be  encountered  sets 
the  limit  to  the  switching  speed*  sinoe  if  it  is  comparable  with  the  shortest 
timing  pulse,  accurate  timing  reoonstitution  becomes  difficult.  For  the  SB  240 
the  manufacturers  claim  a  maximum  switching  speed  of  5  Mo/s. 

It  oan  be  seen  that  within  the  limits  discussed  above*  the  SB  240  is 
eminently  suited  for  use  in  a  system  of  DCTL. 

2.2  The  directly  coupled  transistor  'or*  rote 

Surface  barrier  transistors  may  be  oonneoted  in  parallel  to  a  common  load 
resistor  to  form  an  'or'  gate  as  shown  in  ?ig.5a.  The  function  of  such  a  gate 
is  to  combine  signals  originating  on  different  paths  and  at  the  same  time  to 
provide  isolation  between  these  paths.  The  operation  of  this  element  is  as 
follows i 

If  all  the  parallel  oonneoted  transistors  are  out  off*  then  ignoring 
leakage  currents,  the  potential  at  the  ooomon  node  will  be  that  developed 
across  the  base-emitter  junction  of  the  succeeding  transistor*  typically  -0.5V. 

On  the  other  hand,  if  one  or  more  is  oaused  to  oonduot  by  developing  -0.5V 
between  base  and  emitter,  the  output  potential  will  rise  to  the  saturation 
level*  typioally  60  mV.  It  is  seen  that  signal  inversion  takes  plaoe  end  an 
output  inverter  amplifier  is  needed  to  restore  the  signals  to  their  original 
polarity.  Let  the  saturation  and  the  output  (-0.5 V)  levels  be  denoted  by  0 
and  1  respectively.  Table  1  shows  the  outputs  C  which  will  be  obtained  for 
the  four  possible  combinations  of  two  inputs  A  and  B. 

TABU  1 


A 

B 

c 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1  1 
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Translators  art  wall  suited  for  this  funotion  beoause  of  the  higi  ratio 
of  non-conducting  to  oonduoting  output  resistance.  The  number  of  transistors 
whioh  may  be  plaoed  in  parallel  is  limited  by  leakage  current  considerations^, 
a  typioal  maximum  being  four  for  a  maximum  working  temperature  of  35°C. 

2.3  The  directly  coupled  translator  ’end1  gate 

Surfaoe  barrier  transistors  may  be  oonneoted  in  aeries  to  a  common  load 
resistor  to  form  an  'and'  gate  as  shown  in  fig.5b.  The  funotion  of  this  gate 
is  to  provide  an  output  only  for  a  coinoidenoe  of  all  inputs. 

This  element  operates  in  the  following  way; 

If  neither  transistor  or  just  one  is  supplied  with  a  -0.5V  input,  then 
ignoring  leakage  ourrent,  the  signal  ourrent  will  be  sero  since  one  transistor 
remains  out  off.  Under  these  conditions,  the  output  potential  will  be  the 
-0.5V  or  so  developed  aoross  the  suooeeding  transistors  input  terminals.  Tf 
both  transistors  are  provided  with  inputs  however,  the  series  chain  beoomes 
effectively  a  low  resistance  and  the  output  potential  rises  to  the  sum  of  the 
two  saturation  voltages.  As  in  the  case  of  the  'or'  gate,  signal  inversion 
takes  plaoe  and  an  output  inverter  is  needed  to  restore  polarity.  Denoting 
the  two  signal  levels  by  0  and  1  as  before.  Table  2  shows  the  outputs  C  for 
the  four  possible  combinations  of  inputs  A  and  B. 

TAM  2 


A 

B 

c 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

The  limit  to  the  number  of  transistors  whioh  may  be  plaoed  in  series  is 
set  by  the  saturation  voltages  of  the  transistors.  The  sum  of  these  in  a 
series  chain  must  be  suoh  as  to  maintain  suooeeding  stages  in  an  adequately 
out  off  oonditign.  Henov  the  maximum  number  is  limited  to  two  for  reliable 
operation  at  35°C. 

The  funotion  of  the  series  and  parallel  configurations  nay  be  inter** 
ohanged  if  previously  inverted  sipials  are  available.  The  results  may  be 
expressed  in  terms  of  switohing  algebra®  as  follows! 

for  negative  going  inputs  of  A  and  B,  the  parallel  configuration  forms 
an  output  C  ■  A  ♦  B,  whioh  beoomes  A  ♦  B  on  inversion.  The  series  configura¬ 
tion  gives  an  output  C  ■  AB,  whioh  after  inversion  beoomes  A.B.  for  positive 

going  inputs  of  A  and  B,  the  parallel  configuration  forms  an  output  C  ■  X  ♦  I, 
and  the  series  configuration  forms  sn  output  C  ■  X.S. 
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Since  A  4  B  ■  A.B.  and  A.B.  ■  A  ♦  B,  each  configuration  has  an  equivalent  in 
terns  of  the  other  as  shown  in  Fig. 5c. 

2.4  The  direotlv  oouolad  bistable 

If  two  inverter  amplifiers  are  mutually  coupled  as  illustrated  in  ?ig.6, 
an  eleaent  known  as  the  bistable  is  obtained*  It  is  given  this  name  beoause 
of  the  faot  that  it  possesses  two  stable  states.  If  either  transistor  is 
oonduoting,  the  other  is  naintained  in  the  out-off  condition  and  vice  versa* 
thus  the  outputs  can  be  considered  to  be  in  opposite  states.  In  order  to 
oause  these  states  to  interchange*  it  is  neoessary  to  short-oirouit  the 
transistor  which  is  non-oonduoting.  This  need  only  be  done  for  a  period  long 
enough  for  the  devioe  to  complete  the  transition.  Having  been  triggered  in 
this  way  into  one  of  its  stable  states*  the  eleaent  will  remain  thus  indefinitely 
and  henoe  has  the  capability  of  infomation  storage. 

Inverters  or  gates  as  described  in  the  two  previous  subsections  can  be 
utilised  to  provide  the  short-oirouit  triggering  function.  The  collector 
resistors  nornally  associated  with  these  elements  beoome  redundant*  since 
each  triggering  eleaent  and  one  half  of  the  bistable  oan  share  a  common  load 
resistor. 

The  transition  tine  will  vary  with  the  number  of  externally  connected 
transistors  that, the  bistable  is  called  upon  to  drive  and  decreases  as  the 
number  increases4.  A  wont  oase  value*  i«e.  no  external  load*  is  110  nanoseos. 

2.5  8ummagy  of  PCTL  features 

The  simplicity  of  the  DCTL  technique  and  the  resulting  eoonoay  in  terns 
of  development  tine*  are  its  main  advantages.  A  oooplete  logic  system  oan  be 
formulated  using  the  elements  described  in  the  foregoing  and  such  systems  have 
proved  reliable  in  preotioe'.  The  minimal  use  of  oooponents  other  than 
transistors  aohieves  a  degree  of  compactness  whioh  approaches  the  ideal  for 
this  type  of  construction. 

A  figure  of  merit  for  a  circuit  element  to  be  used  in  a  logio  system  is 
its  fan-out  figure*  i.e.  the  number  of  other  elements  it  is  capable  of  driving. 
Since  the  transistors  possess  a  relatively  high  gain  at  low  levels*  it  might  be 
concluded  that  the  fan-out  figure  approaches  the  ourrent  gain  of  the  transistor* 
as  the  load  is  ooaposed  of  multi -base -emitter  junctions.  The  spread  of  the 
input  characteristic  however*  prevents  this  ideal  being  realised.  With  reference 
to  Fig. 2a*  it  oan  be  seen  that  dissimilar  transistors  will  draw  different 
currents  at  a  given  value  of  Vbe.  For  example  at  -0.3V  a  batoh  of  transistors  in 
parallel  may  draw  currents  ranging  from  0.25  to  0.55  mA.  Henoe  the  total  ourrent 
that  a  batoh  of  transistors  will  draw  is  unpredictable.  It  is  neoessary  there¬ 
fore  to  oater  for  the  worst  oase,  whioh  is  one  transistor  whose  input  characteris¬ 
tic  is  that  represented  by  the  maximum  curve  in  Fig.  2a*  in  parallel  with  n 
transistors  whose  characteristics  are  represented  by  the  minimum  ourve.  This 
feature  of  unequal  base  ourrent  sharing  limits  the  fan-out  figure  to  four  and 
is  the  most  unfortunate  aspeot  of  the  DCTL  technique.  It  considerably  increases 
the  required  ourrent  demand  oapability  of  the  timing  pulse  generator  outputs* 
sinoe  these  are  also  required  to  supply  many  transistor  inputs  in  parallel. 
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A  further  disadvantage  ia  that  of  the  limited  maximum  operating  temp¬ 
erature.  The  transistors  operating  in  a  system  of  DCTL  tend  to  have  relatively 
high  leakage  ourrenta  in  the  rather  nebulous  out-off  oondition.  Sinoe  this 
ourrent  doubles  per  10°C  temperature  rise*  a  temperature  is  soon  reached  where 
the  leakage  ourrent  in  the  aasooiated  oolleotor  resistor  begins  to  severely 
limit  the  ourrent  flowing  to  suooeeding  transistor  bases.  Htnoe  for  a  fan-out 
figure  of  four*  the  maximum  operating  temperature  ia  limited  to  35°C.  This 
means  that  the  timing  pulse  generators  need  not  operate  above  this  level*  whioh 
in  turn  inoreaaes  their  permitted  fan-out  figure. 

3  auLtm-mai 

3.1 

This  generator  has  been  desisted  to  produoe  four  interleaved  pulse  trains 
all  operating  at  the  1  Mo/s  rate  and  having  equi duration  pulses  (see  Fig.1 )• 

It  is  oomposed  of  three  main  elements*  the  basio  clock,  oyolio  binary  counter 
and  pulse  divider*  whioh  are  desoribed  in  the  ensuing  subsections. 

3.1.1  The  basio  olook 

The  function  of  the  olook  is  to  provide  an  accurate  frequency  standard 
to  serve  as  the  basio  waveform  from  whioh  all  others  are  derived.  It  is  made 
up  of  three  stages*  the  first  two  using  alloy  junction  transistors  connected 
in  the  oojaaon  oolleotor  configuration*  the  remaining  one  using  a  surface 
barrier  transistor  operating  in  the  ooraaon  emitter  mode.  A  soheaatio  diagram 
is  shown  in  Fig.  7.  The  first  stage  is  a  oxystal  controlled  2  Mo/s  oscillator 
whioh  has  a  quarts  crystal  in  the  base  oirouit  and  a  resistive-oapaoitive  load. 
The  devioe  depends  for  its  operation  upon  the  fact  that  a  grounded  oolleotor 
amplifier  with  a  sufficiently  oapaoitive  load*  presents  a  negative  resistanoe 
o opponent  at  its  input  terminals.  Thus  oscillations  oan  be  maintained  across 
the  load  and  if  the  voltage  developed  aoross  the  orystal  stabilising  oapaoitor 
in  the  base  oirouit  is  utilised*  an  output  waveform  of  exceptional  purity  and 
stability  is  the  result.  The  following  stage  aots  as  a  buffer*  protecting  the 
osoillator  from  the  effeots  of  a  varying  external  load  impedance. 

The  remaining  stage  converts  the  sinusoidal  output  waveform  to  a  square 
wave  at  the  asm  frequency.  The  negative-going  portion  of  the  sine  wave 
switches  the  transistor  on*  its  base  ourrent  being  supplied  by  the  buffer 
amplifier.  The  germanium  0AA7  diode  simulates  the  base-emitter  junction  of 
the  surface  barrier  transistor  and  draws  a  ourrent  prootioally  equal  in 
magnitude  to  that  of  the  base  during  the  period  of  the  positive-going  portion 
of  the  wave.  Thus  currents  equal  in  magnitude  but  opposite  in  direotion  flow 
during  the  two  halves  of  the  periodio  time*  ensuring  equality  of  the  output 
mark  to  space  ratio. 

3.1.2  The  oyolio  binary  oounter 

Digital  oounting  oan  be  performed  using  bistable  elements  in  conjunction 
with  'and'  gates.  If  a  number  of  bistables  are  triggered  in  a  oyolio  sequenoe* 
then  by  suitable  gating  of  the  resultant  output  waveforms*  any  periodio  time  or 
'mark1  period  of  the  triggering  waveform  within  the  oyole  oan  be  defined. 
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The  duration  of  this  oyole  is  dependent  upon  the  number  of  bistable 
elements.  Since  e&oh  bistable  possesses  two  inputs*  then  n  elements  have  2° 
possible  states.  This  means  that  a  maximum  of  2°  interleaved  pulse  trains 
having  equiduration  pulses  oan  be  generated  within  a  oyole  period. 

The  bistables  may  be  switohed  in  any  convenient  order  through  their  2° 
states  and  in  this  oase  they  are  switohed  aooording  to  the  Gray  oode.  An 
example  of  the  latter  for  two  variables  A  and  B  is  given  in  Table  3* 

TABLB  3 


A 

B 

0 

0 

0 

1 

1 

1 

1 

0 

The  salient  feature  of  this  oode  is  that  only  one  variable  changes  in  going 
from  any  one  state  to  the  next.  This  characteristic  is  useful  in  this  applica¬ 
tion,  since  it  means  that  the  time  delay  between  the  application  of  a  trigger 
puls*  to  a  bistable  and  the  production  of  the  corresponding  output  transient  is 
virtually  constant  for  every  ohange  of  state. 

The  description  of  the  way  in  which  the  oorreot  switching  sequenoe  was 
obtained  in  this  oase  is  aided  by  referenoe  to  Tig.8a>  whioh  shows  the  logio 
diagram  of  the  oyolio  binary  oounter.  Since  four  output  waveforms  are  required* 
two  bistables  are  needed.  The  associated  'and'  gates  steer  the  inoomiag  dock 
square  wave  in  such  a  way  as  to  cause  one  bistable  to  ohange  state  during  the 
'mark'  period  and  the  other  during  the  1  space'  period.  To  achieve  this  end* 
phase  inversion  of  the  dock  signal  to  one  of  the  bistobles  must  be  performed 
and  this  is  provided  by  the  inverter  element. 

The  outputs  of  eooh  bistable  are  used  to  provide  referenoe  states  for 
routing  the  olook  signal  to  the  other.  Thus  eooh  bistable  controls  the  trigger¬ 
ing  of  it's  counterpart,  suitable  oross-oonneotions  ensuring  that  the  output 
sequenoe  follows  Table  j  above. 

The  appropriate  oonneotion  to  any  given  steering  gat*  oan  be  determined 
by  considering  the  required  triggering  signals  for  its  associated  half-bistable. 
The  latter  must  be  in  the  'off'  or  1  state  immediately  prior  to  switohing  mad 
then  it  must  be  ensured  that  the  polarity  of  the  applied  steering  puls*  is  suoh 
as  to  enable  the  gat*  to  trigger  the  bistable  on  the  arrival  of  the  olook  puls*. 
The  waveforms  obtained  at  the  four  outputs  are  shown  with  that  of  the  incoming 
clock  signal  in  ?ig.8b. 

The  logio  described  above  is  implemented  by  the  use  of  direotly  ooupled 
elements  as  shown  in  7ig.8o.  In  the  interests  of  eoonomy,  each  pair  of  gatss 
•hares  a  transistor.  This  is  psrsdssibls  provided  that  the  common  transistor 


10 


Teohnioal  Note  No*  LIB. 33 


is  plaoed  at  the  bottom  of  the  eeriea  chain.  Xt  con  be  seen  that  the  olook 
signal  to  the  seoond  bistable  is  phase  inverted  twice  instead  of  being  routed 
direotly  to  the  gate.  This  was  done  to  avoid  the  possible  instability  which 
would  be  brought  about  by  tho  effeots  of  two  varying  loads  cm  the  olook 
waveform. 


3*1*3  The  pulse  divider 

The  pulses  generated  by  the  oyolio  binary  counter  have  the  same  repeti¬ 
tion  frequency,  but  have  a  duration  which  is  double  that  required  of  the  p 
pulses.  This  oan  be  remedied  by  gating  suitable  pairs  of  output  waveforms, 
this  being  the  function  of  the  pulse  divider. 

The  gating  is  performed  using  direotly  coupled  elements.  Since  both 
input  polarities  ore  available,  a  oboioe  exists  between  the  series  and 
parallel  type  of  configuration.  As  the  latter  provides  a  superior  'O'  or 
'on'  level,  this  type  was  chosen.  Table  A  below  shows  both  outputs  of 
bistables  a  and  B  over  one  oyole  and  tha  inputs  to  the  gates  for  a  given  out¬ 
put  mey  be  seleoted  by  reference  to  it.  They  arei- 

imjt 


P^  *  A.B.  *  A  4  B 

P2  ■  A.B.  ■  A  ♦  B 
p^  ■  A.B.  *  A  4  B 

*  A.B.  »  A  +  B 

A  oirouit  diagram  showing  input  and  output  variables  is  given  in  Pig.9* 

3*2  yhe  p  pulse  amplifieri 

The  outputs  of  the  pulse  divider  are  each  oopable  of  driving  four  other 
direotly  ooupled  elements.  To  inorease  the  effective  fan-out  figure,  these 
four  elements  oould  be  mode  to  be  inverters  eaoh  driving  four  others.  The  fan¬ 
out  figure  is  thus  increased  to  16  for  eaoh  pulse,  but  the  double  inversion 
involved  allows  the  position  in  time  of  the  output  leading  edge  to  bo  influenced 
by  the  effeots  of  hole  storage.  Tho  spread  in  the  hole  storage  footor  for  the 
SB  240  is  such  that  the  displacement  in  time  between  the  leading  edges  of  the 
outputs  from  transistors  osplifying  the  some  pulse  oould  be  os  large  os  25  nano- 
seos.  This  is  intolerable  sinoe  this  figure  represents  1<¥*  of  tho  output  pulse 
width.  Honoe  the  need  existed  for  a  high  frequenoy  high  gain  pulse  amplifica¬ 
tion  system.  The  transistor  to  be  used  in  such  a  system  neods  to  embody  the 
following  oharaoteristiosi 

(1)  High  current  gain  at  large  current  levels. 

(2)  u  high  out-off  frequenoy. 


A 

A 

B 

B 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

1 

0 
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(3)  A  low  hole  storage  faotor, 

(A)  A  low  oolleotor  saturation  voltage, 

A  transistor  which  wall  meets  the  first  three  of  these  requirements  and.  which 
is  readily  available  is  the  ASZ21 •  This  is  a  germanium  junotion  transistor  of 
the  p«n.p.  alloy  diffused  type  manufactured  by  Mullard  Ltd,  It  features  a 
typical  current  gain  at  Voe  ■  -IV,  Io  *  30  mA,  of  73  and  a  minimum  cut-off 
frequency  (fj)  of  300  Mo/s,  The  manufacturers  do  not  express  the  effeot  of 
hole  storage  in  terms  of  a  hole  storage  faotor,  but  experiment  indicates  a 
maximum  value  of  AO  nanoseos.  The  only  undesirable  feature  of  this  transistor 
is  its  relatively  high  oolleotor  saturation  voltage  (-0.7  typical,  -1 ,2V  max. 
at  Io  >  30  mA,  lb  k  3  mA).  Henee  if  the  effeots  of  this  can  be  eliminated  the 
transistor  is  suitable  for  use  in  the  application  outlined  above. 

The  oirouit  arrangement  of  a  pulse  amplifier  designed  around  the  j»SZ21 
transistor  is  shown  in  Tig.10,  It  oonsists  basically  of  two  stages  both 
connected  in  the  ooamon  emitter  configuration.  The  first  is  coupled  to  the 
pulse  divider  by  the  network  Cl  R2  and  R3*  The  values  of  R2  and  R3  ore 
ohosen  so  that  the  base  of  VT1  is  held  positive  with  respect  to  the  emitter 
in  the  out-off  state,  whilst  allowing  the  relative  values  of  81,  R2  and  S3 
to  supply  the  minimum  base  current  for  oolleotor  saturation  in  the  'on'  state* 

Cl  provides  a  path  for  input  ourrent  overdrive  during  both  switching  transients. 
Considering  the  turn-on  of  7T1 ,  the  initial  input  current  is  the  sum  of  two 
components,  one  through  R2  which  is  oonstant,  the  other  through  Cl  whioh  is 
initially  high  then  deoays  exponentially.  During  the  period  of  the  pulse,  Cl 
is  allowed  to  charge  fully  to  the  voltage  drop  across  R2  and  the  base  ourrent 
falls  to  the  mini  was  value  for  saturation.  Henos  at  a  time  immediately  prior 
to  turn-off,  the  oharge  stored  in  the  base  region  is  at  a  minimum.  During 
the  turn-off  transient,  the  oharge  stored  in  the  oapaoitor  aots  to  neutralise 
that  stored  in  the  base,  the  positive  ourrent  in  B3  assisting  in  this.  Thus 
the  transistor  is  overdriven  in  both  direotions,  this  having  the  effeot  of 
reducing  both  the  turn-on  and  turn-off  delay  times.  In  general,  a  ourrent 
overdrive  faotor  beyond  4  to  1  produces  very  little  improvement  in  delay  time* 

Consider  now  the  output  stage.  The  maximum  number  of  paralleled  surfaoe 
barrier  transistors  which  it  con  be  oalled  upon  to  drive  is  governed  by  the 
effeot  of  the  hole  storage  oharge  of  these  transistors,  encountered  when  VT2 
ooaes  into  oonduotion.  The  turn-on  time  of  this  transistor  is  considerably 
lengthened  by  this  effeot,  whioh  is  suoh  as  to  oause  ourrent  to  be  shunted 
away  from  the  transistor  to  neutralise  the  stored  oharge,  thus  delaying  the 
oospletion  of  switohing.  Henoe  the  transistor  in  the  load  with  the  greatest 
hole  storage  faotor  will  dictate  the  duration  of  the  turn-on  time,  whioh  in 
the  worst  oase,  could  be  equal  to  the  period  of  the  pulse,  .mother  problem 
is  that  of  the  relatively  high  oolleotor  saturation  voltage  of  the  output 
transistor.  Unless  the  latter  is  saturated  heavily  thus  forfeiting  its  high 
ourrent  gain,  the  load  transistors  will  remain  in  oonduotion  for  both  switched 
states. 

These  two  difficulties  are  overcome  by  placing  a  source  of  positive 
ourrent  in  the  emitter  leg  of  the  output  transistor.  This  source  is  controlled 
by  the  components  R7,  B6  and  C3*  The  values  of  R7  end  R8  are  ohosen  so  as  to 
limit  the  emitter  potential  to  a  convenient  level  during  the  out-off  state  of  VT2. 
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At  the  earn#  time  however,  the  relative  valuea  of  B6,  H7  and  R8  have  to  be  euoh 
as  to  allow  a  current  to  flow  in  VT2  in  ita  'on*  state  of  auffioient  magnitude  to 
drop  all  of  the  oolleotor  aupply  voltage  aoroae  H6.  Thie  oan  be  taken  a  atage 
further  by  inoreaaing  this  ourrent  so  as  to  allow  H6  to  develop  slightly  more 
than  the  supply  voltage  across  it.  This  has  the  advantage  of  reducing  the  leak¬ 
age  ourrent  in  the  load  transistors  to  Zooo  (base-emitter  reverse  biased)  whioh 
in  this  oase  is  an  almost  negligible  value*  The  value. of  C3  is  made  suoh  that 
the  ohargs  stored  in  it  during  the  out-off  state  of  VT2,  is  sufficient  to 
neutralise  the  ohargs  stored  in  the  base  regions  of  the  load  transistors  when 
VT2  is  turned  on.  The  fan-out  figure  of  the  output  stage  with  the  supply 
voltages  available  was  found  to  be  15* 

VT1  drives  VT2  via  a  BC  ooupling  network.  VT2  is  maintained  in  conduc¬ 
tion  during  the  out-off  period  of  VT1  by  the  ourrent  flowing  in  R5  from  the 
supply  rail*  When  VT1  is  caused  to  conduct,  the  positive  going  exoursion  at 
its  oolleotor  is  transadtted  wholly  to  the  base  of  VT2.  This  is  brought  about 
by  seleoting  the  values  of  B4,  B5  and  C2  so  that  their  time  constant  is  largs 
compared  to  the  period  of  the  pulse*  nils  relatively  large  exoursion  switches 
VT2  off  and  allows  the  emitter  potential  of  VT2  also  to  rise  to  a  comparatively 
high  level.  This  sets  the  level  to  whioh  C3  oan  ohorge  in  readiness  to  fulfil 
its  function  of  reduoing  the  turn-on  time. 

The  loss  of  ourrent  gain  and  the  increased  turn  off  tine  associated  with 
the  use  of  heavy  eaturetion  to  reduce  the  inherently  high  bottoming  voltage  of 
the  transistor  used,  is  avoided  by  the  use  of  the  couplings  described  above. 

Thus  the  fan-out  figures  of  both  stages  are  kept  to  a  maximum.  The  first  stage 
is  capable  of  driving  twelve  output  stages,  whioh  means  that  each  p  pulse 
amplifier  is  capable  of  supplying  160  surfaoe  barrier  transistors.  A  block 
diagram  of  the  p  pulse  system  is  given  in  Tig.11. 

In  brief,  the  performance  figures  arei  output  rise  and  fall  times  over 
0.5V  -  approximately  15  nanoseos,  overall  delay  time  15  nanoseos,  difference 
between  the  leading  edges  of  the  pulses  from  twelve  output  stages  in  parallel 
not  more  than  5  nanoseos. 

4  THE  P  PUL3S  GBISBhIOB 

4.1  General  description 

The  P  pulses  are  generated  using  the  same  technique  as  for  the  p  pulses* 
8inoe  the  Grey  code  is  unwieldy  to  implement  when  the  number  of  variables  n  is 
greater  than  2,  an  alternative  switohing  sequence  is  used  whioh  gives  rise  to 
a  few  differences,  another  departure  from  the  previous  oase  arises  because  pf 
the  foot  that  25  P  pulses  are  required,  a  number  which  lies  between  ST  and  2*. 
Thus  five  bistables  must  be  used  and  their  switohing  sequence  stopped  after  25 
by  resetting  the  oounter  instantaneously  to  the  start  oondition. 

The  sequence  whioh  is  simplest  to  implement  is  that  of  the  binary  oode, 
beoause  by  using  complementing  bistables,  the  trigger  pulse  for  each  bistable 
after  the  first  oan  be  derived  direotly  from  its  predecessor,  by  triggering 
the  first  bistable  with  p* ,  the  resulting  output  waveforms  are  synchronised 
with  the  p  pulses.  The  binary  sequenoe  for  five  variables  A,  B,  C,  D,  and  2 
where  A  is  the  least  significant  is  shown  in  Table  5* 
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It  can  b*  mod  from  thi*  that  whenever  a  biatabl*  la  to  ohang*  its  stats,  its 
predaosssor  must  also  o hangs  its  stats  from  1  to  0.  This  fssturs  of  tbs  oode 
oaa  b*  sxploitsd  to  generate  tbs  rsquirsd  trigger  puls*.  Assuming  that  th* 
latter  is  generated  in  this  way  and  that  th*  sequenoe  begins  at  00000.  a 
difficulty  is  *noount*r*d  whan  th*  oountsr  is  rssot.  If  any  bistabl*  is  r*s*t 
from  1  to  0.  it  will  propagate  a  trigger  puls*  to  its  suooeasor.  This  situa- 
tion  is  prevented  from  arising  by  starting  the  s*qu*no*  at  11111. 

It  can  b*  s**n  by  further  examination  of  Tobl*  5.  that  the  number  of 
bistabl* s  whioh  change  state  at  each  transition  varies  from  1  to  5*  Moreover, 
th*  trigger  puls*  propagation  is  serial,  i.e.  each  bistabl*  must  ohange  its 
state  before  it  oaa  propagate  a  trigger  puls*  to  th*  next.  Thus  th*  time 
required  for  th*  completion  of  eaoh  transition  is  not  oonstant  and  this  gives 
rise  to  P  pulses  of  insufficient  and  differing  durations. 
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The  problen  of  the  differing  pulse  durations  ocn  be  solved  if  the  bistables 
oan  be  Bade  to  ohange  state  simultaneously  at  each  transition.  Referring  to 
Table  5,  it  oan  be  seen  that  whenever  any  bistable  ezoept  the  first  in  a  row  is 
to  ohange  its  state  in  either  direction  at  the  next  transition,  all  its  pre¬ 
decessors  are  in  the  M 1  state.  This  foot  is  the  basis  of  the  design  of  a 
parallel  trigger  pulse  transfer  network,  which  equalises  the  transitional  tine 
delay* 


This  delay,  although  oonatant,  is  also  undesirable  since  the  output  P 
pulses  will  be  defioient  in  duration  by  the  same  amount,  it  oan  be  eliminated 
by  triggering  the  first  bistable  with  p *  via  a  delay  network,  which  has  a  delay 
tine  equal  to  the  period  of  a  p  pulse  sinus  the  transitional  tiae  delay*  The 
P  pulses  generated  in  this  way  are  thus  accurately  aligned  at  their  leading 
edges  with  that  of  *  Their  trailing  edges  will  be  similarly  aligned  with 
that  of  p^  if  the  tuny-on  tine  of  the  transistors  used  is  snail. 

The  P  pulse  generator  is  thus  seen  to  consist  of  four  aain  elements;  a 
binary  counter,  a  pulse  dividing  gate  matrix  with  its  associated  output 
amplifiers  and  a  parallel  trigger  pulse  transfer  network.  The  design  of  the 
reset  network  is  suoh  as  to  incorporate  that  of  the  transitional  delay  elimina¬ 
tion,  which  gives  rise  to  the  fourth  main  element.  These  elements,  apart  from 
the  reset  network,  were  designed  around  the  ASZ21  transistor  and  are  described 
in  the  following  sub-seotians. 

4.2  The  binary  oounter 

The  binary  oounter  oonaists  of  five  complementing  bis tables,  so  called 
because  after  each  trigger  pulse  to  an  input  line  oommon  to  both  sides,  either 
output  signal  represents  a  M's  complement  of  its  previous  value*  The  oommon 
input  lime  is  made  possible  by  alternate  routing  of  the  input  pulse  by  eaoh 
half  of  the  bistable  to  the  other*  This  is  accomplished  by  oonnooting  a 
re sistor-aapaoi tor-diode  gate  to  eaoh  half  of  a  resistance  coupled  bistable 
in  the  meaner  described  below. 

4.2.1  The  resistance -coupled  bistable 

This  type  of  bistable  utilises  potential  divider  networks  as  a  means  of 
cross  coupling  the  two  transistors  as  shown  in  Pig. 12a.  The  value  of  R1  must 
be  suoh  as  to  supply  the  current  required  by  the  external  load  in  the  out  off 
state  of  its  associated  transistor,  plus  the  minimum  base  current  for  satura¬ 
tion  of  the  other.  «fhen  either  transistor  is  conducting,  the  assooiated  values 
of  H2  and  S3  ■oat  be  suoh  as  to  reverse  bias  the  e Bitter-base  Junction  of  the 
other  translator  (suffix  a  whan  VT1  oonduota,  b  for  VT2)  01  provides  for  input 
current  overdrive  in  both  directions  in  the  maimer  described  in  section  3*2* 
ASZ21  transistors  are  used  for  three  reasons  (a)  they  exhibit  very  little  hole 
storage  in  this  oirouit,  (b)  their  fast  switching  speed  and  (o)  they  are  oepable 
of  switching  a  current  large  enough  to  drive  the  ensuing  pulse  dividing  gates 
directly. 

The  bistable  aa  it  stands  however  has  one  drawback.  Although  the  '0* 
level  ia  sufficiently  well  defined  by  the  saturation  voltage  of  the  transistors, 
the  '1 '  level  depends  upon  the  value  of  the  external  load.  This  drawback  ia 
eliminated  by  suitably  increasing  the  collector  supply  voltage  and  oonneoting 
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a  diode,  whioh  i»  referred  to  a  supply  voltage  equal  to  that  of  the  deeired 
'1 1  level,  to  each  oolleotor.  The  additional  oomponsnts  are  shown  in  dotted 
fora.  Now  when  either  translator  is  driven  towards  out-off.  its  oolleotor 
potential  falla  towards  VI  but  ia  olaaped  at  V2  by  the  diode  o owing  into  conduc¬ 
tion  at  this  level.  The  load  current  ia  thus  shunted  into  the  diode  end  the 
latter  aots  as  a  ourrent  reservoir,  whilst  maintaining  oonatant  voltage.  Thus 
the  outputs  are  made  to  present  a  low  impedance  in  both  states  at  well  defined 
levels. 


4.2.2  The  realstor-oanaoltor-diode  gate 

The  function  of  this  element  is  to  produoe  on  output  at  the  ooincidenoe 
of  a  pulse  type  signal  with  a  steady  state  signal.  Consider  the  circuit  of 
?ig.l2b.  The  steady  state  signal  oan  be  in  either  of  two  states  0  and  1  at 
voltage  levels  I0  and  X)  respectively  and  is  applied  to  the  resistor.  The 
positive-going  pulse  signal  is  applied  to  the  capacitor.  If  the  load  oirouit 
is  suoh  as  to  aaintain  the  output  level  at  20,  then  when  the  input  line  to  the 
resistor  is  at  a  level  B|  (negative  with  respeot  to  Bo)  the  diode  is  reverse 
biased.  Then  if  a  positive-going  pulse  having  an  amplitude  equal  to  that 
between  the  limits  Bo  and  Bj  is  applied  to  the  ospaoitor  it  will  have  no  effeot. 
If  the  input  to  the  resistor  is  aade  B0  however,  the  diode  is  unbiased  and  a 
positive-going  pulse  applied  to  the  oapaoitar  will  appear  at  the  output  line. 

4.2.3  The  oo»lenentina  bistable 

A  complementing  bistable  oan  be  formed  using  a  resistanoe-ooupled 
bistable  In  aonjunotiaa  with  two  resistor  ospaoitor  diode  gates  in  the  manner 
shown  in  Tig.12e.  The  diodes  of  the  two  gates  are  oonneoted  to  the  bases  at 
the  transistors,  the  resistors  to  the  oolleotors  and  the  oapaoitors  are  linked 
to  form  a  common  input  line*  Assume  initially  that  VT1  is  oanduoting  and  that 
VT2  is  out  off.  Both  oolleotor  and  base  of  VT1  will  be  at  small  negative 
potentials  suoh  that  PI  a  is  slightly  forward  biased,  da  is  oharged  to  a 
potential  practical ly  equal  to  the  difference  between  the  two  oolleotor 
potentials,  this  being  almost  equal  to  the  input  signal  amplitude.  The  oolleotor 
of  VT2  will  be  at  -Y2  and  the  base  at  a  slightly  positive  potential.  Thus  Dlb  is 
reveres  biased  to  an  extent  praotioally  equal  to  the  difference  between  the  two 
oolleotor  potentials  and  Clb  is  unohorged. 

A  positive-going  pulse  applied  to  the  input  line  will  be  routed  through 
Dla  sinoe  it  is  forward  biased,  da  rapidly  discharges  to  the  differenoe  in 
potential  aoross  it  via  the  base-emitter  junction  of  VT1  at  one  end  and  a 
bottomed  transistor  at  the  other,  db  begins  to  oharge.  but  the  time  constant 
db  Rib  is  too  large  for  this  to  be  of  any  consequence.  The  pulse  routed  to 
VT1  base  causes  VT1  to  switch  off.  resulting  in  a  change  of  state.  Dla  beoomes 
reverse  biased  and  da  begins  to  re-ohargs  slowly  with  a  tlao  oonatant  da  SI  a. 
The  two  ends  of  the  bran  oh  formed  by  db  and  Sib  in  series  are  now  at  the  same 
potential  and  db  loees  the  email  oharge  ooquired  prior  to  and  during  the  ohnnge 
of  state.  This  however  ie  too  email  to  effeot  re-triggering  at  the  bistable 
whilst  the  input  pulse  is  present.  Ihen  the  latter  is  removed,  Cla  returns  the 
small  oharge  acquired  during  the  period  of  the  input  pulse,  db  now  has  to 
beoome  oharged  to  a  potential  equal  to  the  input  pulse  amplitude  end  will  do 
so  in  approximately  3C1b  Rib  seconds.  Hsnoe  no  further  input  signals  oan  be 
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applied  until  this  prooess  is  ooaplete.  This  sets  the  upper  lisdt  to  the 
repetition  rets  et  which  the  bistable  nay  operate*  The  next  input  pulse  will 
reset  the  bistable  to  its  initial  state  in  the  sene  way  as  before,  the  above 
description  being  valid  if  suffix  a  and  b  are  interchanged. 

4.3  propagation  Qltworic 

The  need  for  the  application  of  a  trigger  pulse  to  a  bistable  at  any 
transition  oan  be  dateoted  by  inspection  of  the  states  of  its  predecessors 
iansdiately  prior  to  the  transition.  Thsse  states  will  all  be  1 ' a  as  described 
in  section  4,1 .  Therefore  the  states  of  the  bistables  preoeding  any  given 
bistable  are  applied  to  an  'and*  gate  and  ooapared  to  the  inooning  trigger 
pulee.  If  this  is  done  for  eaoh  bistable,  then  the  elements  vrhioh  are  required 
to  change  state  at  eaoh  transition  will  do  so  simultaneously.  Since  the 
biatables  change  state  iansdiately  upon  the  reoeipt  of  a  pulse,  the  states 
applied  to  the  gates  aust  be  delayed  for  the  period  of  this  pulse.  The  logical 
diagram  of  the  resulting  parallel  transfer  binary  oounter  is  shown  in  fig. 13a. 

The  oirouit  arrangement  for  the  logio  between  bistables  A  and  £  only  is 
shown  in  Fig.1 3b,  the  others  being  similar.  The  required  delay  is  obtained 
using  luaped  parameter  delay  networks8,  comprising  ten  pi  network  LC  sections 
to  obtain  the  required  bandwidth.  The  gates  used  ax's  of  the  resistance 
rsotifier  type  an  example  of  which  is  shown  in  Fig. 14a.  This  shows  a  oirouit 
element  comprising  two  diodes  and  a  resistor  and  its  action  oan  be  dsseribed 
as  follows i 

In  the  quiescent  state,  both  input  levels  are  equal  and  the  ourrent  that 
flows  in  1  maintains  the  output  level  equal  to  that  of  the  input  ainua  the 
negligible  voltage  drop  serosa  the  diodes.  If  a  positive-going  sipaal  is 
applied  to  erne  diods  only,  it  becomes  reverse-biased.  This  occurs  because 
the  other  diode  is  able  to  maintain  the  output  line  at  praotioally  the  same 
level  as  before,  provided  that  its  source  iapedanoe  and  its  forward  resistanoe 
are  both  low.  If  positive-going  signals  are  applied  to  both  diodes  simulta¬ 
neously  the  output  level  aust  rise  correspondingly.  Hsnoe  this  element  is 
seen  to  be  am  'and*  gate  for  positive-going  signals.  The  oon&itions  for 
optimum  response  from  this  type  of  gate  are  that  the  signal  excursion  should 
be  small  ooqpared  to  the  supply  voltage  and  that  the  souroe  iapedanoes  should 
be  low  in  both  states.  In  addition,  the  value  of  1  should  be  high  ooapared 
to  the  forward  resistanoe  of  the  diode  used  and  low  ooapared  to  the  diodes 
inverse  resistanoe.  The  'and'  gate  ooaponents  in  Fig.1 3b  are  those  represented 
by  D2,  D3  and  B4.  The  gate  inputs  are  driven  by  o canon  emitter  stages  centred 
around  VT1  and  VT2.  A  o  oan  on  oolleotor  stage  dssipxed  around  VT3  matches  the 
output  resistanoe  of  the  gate  to  that  of  the  following  bistable  input. 

In  the  quiesoent  condition  VT1  is  out-off  and  tbs  base  potential  of  VT3 
is  limited  by  its  oolleo tor-base  diode  whioh  is  oonduoting  in  the  forward 
direction.  Sinoe  the  output  of  VT1  supplies  an  input  to  all  the  gates,  they 
are  thus  held  dosed  regardless  of  the  states  of  the  bistables.  VT3  is  thus 
oaused  to  oonduot.  its  output  line  assuming  a  potential  praotioally  equal  to 
the  oolleotor  supply  voltage  and  diode  0$  is  thus  reverse  biased.  If  the 
input  from  bistable  a  is  in  the  quiesoent  or  'O'  state.  VT2  must  be  held  in 
the  non-oonduoting  state.  This  is  ensured  by  the  ourrent  flowing  in  R2.  at 
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and  W,  whioh  maintains  the  base  potential  aore  positive  than  that  at  the 
eaitter*  D.C.  isolation  between  the  bistable  and  VT2  is  neoessary  beoause  of 
the  dissimilar  levels  at  whioh  they  operate  and  is  effeoted  by  capacitor  Cl  • 

Zf  bistable  A  output  is  in  the  '  1 '  state  however,  VT2  oust  be  aide  to 
oonduot*  The  coupling  between  these  stages  is  of  the  R C  type,  the  resistive 
ooaponent  being  the  input  resistance  of  the  VT2  stage.  In  this  state,  diode 
D1  is  reverse  biased  and  sinoe  R2  is  large  compared  to  M *  the  input  resist- 
anoe  is  determined  mainly  by  the  sua  of  Rt  end  the  dyneoio  slope  resistance 
of  VT2  base -emitter  junction.  The  delay  line  is  inserted  between  the  bistable 
and  VT2  stage  and  to  obtain  oorreot  Batching,  its  characteristic  tape dance 
whioh  is  alaost  purely  resistive*  is  made  equal  to  an  approximate  value  for 
this  input  resistanoe.  Consider  now  a  point  in  time  where  a  trigger  pulse 
arrives  when  bistable  A  is  in  the  *1 '  state  and  is  about  to  ohange  states* 
Reference  to  Table  5  shows  that  whenever  these  conditions  exist*  bistable  B 
must  also  ohange  its  state.  The  delay  network  will  maintain  VT2  in  the  conduct¬ 
ing  state  for  the  period  of  the  trigger  pulse*  Thus  both  VM  and  VT2  oonduot 
and  the  gate  is  opened.  The  current  flowing  in  BA*  BA*  D2  and  D3  establishes 
a  potential  at  VT3  base  whioh  ia  aore  positive  than  that  at  the  eaitter*  due 
to  the  ourrent  flowing  in  R5  and  B5*  The  voltage  drop  aoross  diode  BA  is 
needed  to  establish  the  above  oondition,  this  being  the  diode's  only  function* 
Thus  VT3  is  out-off  for  the  period  of  the  trigger  pulse  and  the  resulting 
positive-going  output  is  applied  to  bistable  B  input*  oausing  it  to  ohange  its 
state.  A  diagram  showing  the  phase  relationship  between  the  relevant  waveforms 
for  the  circuit  notion  described  above  is  shown  in  Tig.lAb.  All  the  remaining 
daisy  network  and  gate  circuits  function  in  the  same  way  and  thus  all  bistables 
whioh  are  required  to  ohange  state  at  any  transition  do  so  simultaneously  upon 
the  arrival  of  the  trigger  pulse. 

a.a  iag  Mu  ato&ttfift 

It  is  the  funotion  of  this  network  to  seleot  and  amplify  25  oonseoutive 
combinations  of  5  variables  out  of  the  possible  32  as  illustrated  in  Vig.15. 

The  output  amplifiers  are  required  to  drive  surface  barrier  transistors  and 
have  a  specification  similar  to  that  of  the  p  pulse  amplifiers  (section  3*2). 

The  diode  matrix 

The  seleotion  of  the  P  pulses  oan  be  oarried  out  using  'and'  gates  of 
the  resistanoe  rectifier  type  in  the  fora  of  a  matrix*  an  example  of  whioh  is 
shown  in  7ig.l6a.  This  matrix  seleots  the  four  possible  pair  combinations  of 
two  variables  A  and  B.  in  examination  of  the  matrix  circuit  will  reveal  that 
it  is  nothing  aore  than  four  two-input  'and*  gates.  This  arrangement  is  tasily 
extended  so  as  to  enabls  it  to  ssleot  from  5  variablss.  In  this  oasa  25  outputs 
are  required*  therefore  the  nuabor  of  diodes  required  would  be  125. 

It  is  possible  however*  to  oarry  out  thia  funotion  whilst  effecting  an 
economy  in  the  number  of  diodes  used.  This  is  achieved  in  the  following  manner. 
The  number  of  input  variables  n  are  grouped  in  pairs  if  n  is  oven  or  in  twos 
and  a  throe  if  n  is  odd.  The  four  possible  pair  combinations  of  eaoh  two  vari¬ 
able  group  are  aeleoted  using  'and*  gates  as  are  the  eight  possible  combinations 
of  three  from  the  three  variable  group.  The  groups  are  then  combined  using  sets 
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of  two-input  'and'  gates.  In  this  oase  subdivision  of  the  variables  results 
in  one  group  of  two  and  one  of  three.  Seleoting  the  maximum  number  of  combina¬ 
tions  from  the  two  variable  group  needs  eight  diodes,  but  since  only  25  final 
outputs  are  required,  only  seven  out  of  the  eight  possible  combinations  are 
needed  from  the  three  variable  group,  this  requiring  21  diodes.  Having  made 
these  seleotions,  a  seven  X  four  array  of  output  lines  remain  to  be  oombined. 
Gating  25  pairs  of  these  needs  50  diodes  resulting  in  a  total  of  only  79.  This 
teohnique  suffers  from  the  minor  disadvantage  that  two  series  diodes  appear 
between  eaoh  input  and  output  line.  The  circuit  arrangement  required  to 
seleot  a  P  pulse  is  given  in  Pig.l6b.  It  is  seen  that  the  'O'  states  of  the 
bistables  are  seleoted  by  the  gates,  inversion  to  the  negative-going  polarity 
being  provided  by  the  output  amplifier. 

it.Jt.2  The  output  a»lifisrs 

These  amplifiers  are  similar  in  form  to  and  supply  the  same  number  of 
surface  barrier  transistors  as  the  p  pulse  amplifiers  described  in  section  3.2. 
The  oirouit  diagram  for  a  P  pulse  amplifier  ia  given  in  Pig.1 7  and  an  examina¬ 
tion  of  it  shows  that  the  main  differs coe  lies  in  the  method  by  whioh  it  is 
coupled  to  the  pulse  dividing  gates.  The  base  oirouit  is  similar  to  that  of 
the  gate  of  Pig.1 6b,  exoept  for  the  foot  that  the  gate  resistor  is  split  into 
two  parts  B1  and  B2.  This  facilitates  the  setting  up  of  the  required  d.o.  bias 
oonditions  for  VT1 .  The  rest  of  the  amplifier  ia  a  facsimile  of  that  of  the  p 
pulses  exoept  for  tho  diodes  D8  and  D9,  whose  function  will  be  desoribed  later. 

In  the  steady  state,  at  least  one  of  the  bistables  oonneoted  to  the  gate 
diodes  D1  to  05  will  be  in  the  '1 '  state.  Henoe  eaoh  bistable  must  be  oapable 
of  maintaining  VT1  in  oonduotion.  The  output  level  will  be  held  at  a  few 
hundred  millivolts  above  earth  ia  the  sane  way  as  before. 

then  all  gate  inputs  are  at  the  'O'  level  the  gate  is  opened.  The 
ourrent  whioh  then  flows  in  B2,  R1  and  the  gate  diodes  to  the  bistables 
establishes  a  potential  at  the  base  more  positive  than  that  at  the  emitter 
due  to  the  ourrent  in  BA  and  &5>  Cl  provides  for  transient  overdrive  in 
both  direotiona  in  the  manner  desoribed  in  seotxon  3*2.  Thus  VT1  is  main¬ 
tained  in  the  out-off  state  for  the  period  of  the  soleoted  pulse  and  in  the 
absenoe  of  a  load  the  output  level  falls  to  that  of  the  collector  supply 
voltage. 

Owing  to  the  nature  of  the  logio  system  for  whioh  these  pulses  are 
generated,  the  load  on  any  P  pulse  is  different,  in  general,  for  eaoh  of 
its  four  subdivisions  p^  to  p^.  The  load  oan  vary  from  one  to  fifteen 
transistors  and  in  the  oases  where  one  or  two  only  are  supplied,  the  combina¬ 
tion  of  VT1  oolleotor  supply  and  S3  ia  oapable  of  supplying  an  excessively 
high  base  ourrent  to  them.  A  means  of  ourrent  regulation  is  therefore  required 
and  is  provided  by  the  diodes  D8  and  D9.  At  the  lowest  voltage  that  oan  be 
developed  at  the  base  of  an  SB  240  with  the  maximum  permissible  base  ourrent, 
the  two  series  germanium  diodes  oonduot  to  the  extent  where  the  excess  ourrent 
is  supplied  by  them  to  B3»  thus  protecting  the  load  transistors.  At  the 
minimum  base  voltage  needed  to  ensure  saturation,  i.e.  minimum  full  load 
voltago,  the  diodes  oonduot  to  a  negligible  extent.  Thus  any  load  from  one 
to  fifteen  transistors  nay  oe  safely  oonneoted  to  the  amplifier.  The  hole 
storage  oharaoteristio  of  the  diode  used  is  suoh  as  to  produwe  negligible 
distortion  of  the  output  waveform. 


-  19  - 


Technical  Note  No.  E5B.33 


4.5  The  reset  end  delay  elimination  network 

The  purpose  of  this  element  is  to  reset  the  binary  counter  after  25 
transitions  of  its  ooaponent  bistables  and  to  eliminate  the  overall  delay. 

The  required  count  is  achieved  by  establishing  two  cyclic  sources  of  input 
pulses.  One  of  these,  starting  at  a  time  when  the  oounter  is  in  the  state 
11111.  puts  out  a  suooession  of  24  trigger  pulses  to  the  first  bistable  and 
to  the  inputs  of  the  parallel  transfer  gates  (Fig.13*)»  During  the  25th 
period,  this  source  is  inhibited  and  a  single  pulse  is  generated  by  the  other 
source,  whioh  is  used  to  reset  all  bistables  then  in  the  'O'  state.  Thus  the 
oounter  is  reset  to  its  initial  condition  and  tha  cycle  repeats  continuously. 
The  counter  transitional  daisy  is  eliminated  by  generating  the  pulses  cf  both 
sources  with  p^,  and  delaying  them  by  the  period  of  p^  minus  the  overall  delay. 

The  logio  diagram  for  the  network  is  shown  in  Fig.  1 8a.  It  oonsists 
basioally  of  two  'and'  gates  G1  and  G3  whioh  are  controlled  by  a  bistable 
oalled  a  steering  bistable,  the  setting  of  whioh  is  controlled  by  arother 
'and'  gate  G2  and  an  inverter.  The  logio  oyole  is  composed  of  the  following 
sequenoe  of  events.  Cnmmenoing  at  Pip.  time,  the  inverter  sets  the  steering 
bistable  to  provide  an  input  to  61.  At  Plp^  tine.  G1  opens  and  supplies  an 
input  to  the  delay  network.  The  latter  delays  this  input  by  an  amount  suoh 
that  the  final  output  from  tha  inverter  ooours  prior  to  P2pj  by  an  amount 
equal  to  the  oounter' s  transitional  delay.  The  output  is  applied  to  the  first 
bistable  and  to  the  inputs  of  the  parallel  trigger  pulse  transfer  gates 
(rig. 13a).  This  oauses  the  oounter  to  change  its  state  and  P2  is  seleoted 
and  amplified.  The  network  functions  in  this  way  for  24  digit  periods  and 
thus  puts  out  24  trigger  pulses.  The  last  of  these  enables  P25  to  be  seleoted 
and  the  reset  pulse  must  be  applied  in  the  next  period  to  reset  the  oounter  to 
its  starting  condition.  If  Table  5  i*  examined  it  is  seen  that  starting  from 
11111.  the  25th  state  is  11101.  This  means  that  the  fourth  most  significant 
bistable  only  needs  to  be  triggered.  It  is  seen  by  an  inspection  of  Fig. 20a. 
that  P25  is  fed  baok  as  an  input  to  G2.  Henoe  at  P25po  time.  02  opens  and 
reseta  the  steering  bistable,  thua  steering  an  input  to  03.  At  P25F4 
03  opens  and  the  resulting  output  is  applied  to  the  ensuing  delay  network  and 
buffer  amplifier.  The  delay  network  performs  the  same  function  for  the  reset 
pulse  as  the  other  delay  network  does  for  the  trigger  pulses.  The  reset  pulse 
is  applied  direot  to  the  appropriate  base  oirouit  of  bistable  D  whioh  than 
triggers  enabling  PI  to  be  seleoted.  At  Pip.  time  the  steering  bistable  is 
set  and  the  oyole  repeats. 

The  basic  control  logio  is  implemented  using  direotly  ooupled  dements 
and  the  delay  networks  are  again  of  the  lumped  parameter  type.  The  trigger 
line  inverter  operates  in  the  same  way  as  the  inverter  asplifiers  of  the 
parallel  trigger  pulse  propagation  network.  Thus  the  inputs  to  the  parallel 
transfer  gnter  are  all  derived  from  identical  stages.  The  oirouit  diagram  of 
the  network  is  given  in  Fig.lSb. 

The  buffer  amplifier  of  Fig.l8a  is  simply  a  oommon  oolleotor  stage,  this 
being  the  most  suitable  type  of  drive  for  the  reset  line.  In  the  quiesoent 
state.  VT12  is  held  in  oonduotion  by  the  12V  supply  via  R8.  the  voltage  at  the 
base  being  limited  by  the  olamping  notion  of  the  oolleotor-base  diode  whioh  is 
conducting  in  the  forward  direction.  Diodes  D2  and  D3  are  reverse  biased,  as 
is  D4  whioh  is  inoluded  to  isolate  the  bias  conditions  of  bistable  D  base 
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oirouit  from  those  of  the  buffer  amplifier  output.  Under  signal  conditions. 
VT10  and  VT11  are  caused  to  oonduot  and  the  resultant  positive-going  excursion 
is  transaitted  by  the  delay  network  to  VT1 2  base.  D2,  S3  and  Dk  are  biased  into 
oonduetion.  S3  thus  defines  VT1 2  emitter  potential  and  a  more  positive  potential 
is  developed  at  the  base  by  adding  the  voltage  drop  across  D2  to  that  aoross  S3. 
VT12  is  thus  maintained  in  the  out-off  state.  Sinoe  the  input  resistanoe  of  the 
buffer  amplifier  is  much  higher  than  the  charaoteristio  impedanoe  of  the  delay 
network,  a  reflection  is  generated.  This  is  of  no  consequence  however  sinoe  at 
the  tine  of  its  arrival  at  VT1 0  oolleotor,  no  other  pulse  is  being  generated  and 
the  reflected  energy  is  absorbed  in  R8.  The  positive  excursion  transmitted  by 
switches  bistable  S.  Relevant  waveforms  for  the  funotion  described  above 
along  with  those  of  the  binary  oountor  are  shown  in  Pig.19*  This  completes  the 
delineation  of  the  P  pulse  generator  and  the  oomplote  logio  diagram  of  it  ia 
given  in  Pig. 20. 


3  TUB  A  PUL31  CTOBATOB 

The  deaign  of  this  generator  is  based  upon  the  same  technique  as  for  the 
P  pulse  generator  and  uses  similar  circuitry.  A  logio  diagram  of  the  unit  is 
given  in  Pig.  21 .  This  shows  that  the  oounter  is  of  the  serial  trigger  pulse 
propagation  type  and  implements  a  switching  sequenoe  identical  with  that  of 
the  binary  oode.  The  first  bistable  is  triggered  by  P25  delayed  by  the  period 
of  a  P  pulae  minua  the  counter' a  overall  delay  time.  Thua  the  output  leading 
edges  appear  coincident  with  those  of  p^  and  PI .  The  second  bistable  is 
triggered  directly  from  the  first. 

An  inspection  of  the  binary  oode  sequenoe  for  two  variables  shows  that 
the  number  of  variables  which  change  atate  at  oaoh  transition  is  alternately 
one  and  two.  Hence  the  transitional  delay  time  varies.  However  the  delay  can 
be  approximately  equalised  for  eaeh  transition  when  only  two  bistables  are 
involved,  by  making  the  speed  of  response  of  the  second  greater  then  the  first. 
This  it  achieved  by  using  cross-coupling  capacitors  (Cl  Pig. 1 2s)  of  a  larger 
value  for  the  second  bistable.  In  this  way,  the  need  for  a  parallel  trigger 
pulse  transfer  gate  ia  avoided. 


The  oirouit  arrangement  of  the  generator  is  shown  in  Pig. 22  and  sinoe  it 
is  formulated  of  the  tame  basio  element*  used  in  the  P  pulse  generator,  needs 
no  explanation. 
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At  the  tine  that  design  studies  for  the  pulse  generators  wore  begun  two 
other  methods  of  frequenoy  division  were  considered.  One  of  these  used 
tt stables  to  provide  the  basio  waveforms,  but  switohsd  them  in  a  sequenoe 
identical  with  that  of  the  Cray  code,  for  reasons  stated  earlier,  the  oounter 
transitional  delays  would  all  be  made  equal  without  the  use  of  parallel 
transfer  gates  if  this  method  oould  be  meohanised.  The  pattern  formed  by  the 
variables  whioh  ohange  state  in  a  progression  through  the  sequenoe  is 
irregular  when  the  number  of  variables  is  large  however.  In  oonsequenoe,  the 
amount  of  logio  required  to  aeleot  the  particular  bistable  to  be  triggered  at 
each  transition  is  much  greater  than  that  requirod  for  th*  parallel  transfer 
gates.  This  is  quit*  apart  from  th*  oensi deration  of  resetting  a  oounter 
before  the  end  of  its  natural  oount,  which  is  made  more  difficult  by  the 
adoption  of  thia  technique. 
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The  other  method  considered  was  that  of  using  a  ring  counter.  This  con¬ 
sists  basioally  of  oasoaded  stages  equal  in  number  to  the  faotor  by  which  the 
input  frequency  is  to  be  divided,  the  final  output  being  connected  back  to  the 
first  stage  input.  Only  one  stage  is  in  the  signal  state  at  soy  time  and  when 
it  is  switohed  to  the  steady  state,  propagates  a  trigger  pulse  to  motivate  the 
next*  This  method  has  a  disadvantage  when  used  for  this  application  in  that  an 
output  from  an  aotivated  stage  is  not  obtained  until  the  trigger  pulse  has  been 
removed.  As  a  result  of  this,  the  output  pulse  duration  is  deficient  by  an 
amount  equal  to  the  duration  of  the  trigger  pulse.  As  for  the  other  rothod 
considered,  the  amount  of  equipment  required  when  the  division  faotor  is  large 
is  greater  then  that  required  for  the  method  which  was  adopted. 

7  CONCLUSIONS 

The  oounters  and  pulse  dividers  described  in  this  note  have  been  constructed 
in  the  laboratory  and  their  performance  has  been  found  to  be  adequate  for  the 
requirements  of  the  system  in  which  they  are  to  be  used.  The  device  is  now 
undergoing  tests  and.  to  date  about  300  hours  reliable  performance  has  been 
aohieved. 

The  ohoioe  of  transistors  used  has  enabled  very  fast  switching  times  to 
be  aohieved  (of  the  order  of  15  nanoseconds  on  full  load).  The  desiga  principles 
involved  are  consequently  oapable  of  a  wide  variety  of  applications  in  whioh  a 
precise  source  of  control  pulses  is  required  for  digital  arithmetic  operations. 

laoh  output  is  oapable  of  providing  control  p  pulses  to  a  maximum  of 
160  locations,  but  for  the  particular  application  envisaged  it  has  not  been 
found  neoeasary  to  provide  suoh  a  large  "faming  out"  faotor.  It  is  felt, 
however,  that  the  only  consideration  whioh  might  prevent  this  figure  being 
aohieved  in  praotioe.  is  that  of  a  suitable  earth  return  path  to  oops  with 
the  high  vote  of  ohange  of  ourrent. 
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FIG.  3.  TYPICAL  DIRECTLY  COUPLED 
COMMON  EMITTER  STAGES. 


T.N.  l.e.t.33. 
FIG.  6 


FIG. 6.  DIRECTLY  COUPLED  BISTABLE  AND 
TRIGGERING  INVERTERS. 


FIG.7.  THE  BASIC  CLOCK  CIRCUIT 


FIG,  8  (c) CYCLIC  BINARY  COUNTER  SCHEMATIC. 
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FIG.  II.  BLOCK  DIAGRAM  OF  9  PULSE  SYSTEM. 
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FIG.  I2.(a-c) 


FIG.  12. (a)  RESISTANCE  COUPLED  BISTABLE. 
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RESISTOR-CAPACITOR  DIODE  GATE. 
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FIG  14(a)  TWO  INPUT  RESISTANCE-RECTIFIER  AND  GATE 
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FIG.  14(b)  DELAY  AND  GATE  CIRCUIT  WAVEFORMS. 
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FIG.  IS.  FIVE  DIGIT  BINARY  COUNTER  WAVEFORMS. 
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FIG.  17.  OUTPUT  AMPLIFIER  CIRCUIT  DIAGRAM. 


MSTAAUE. 


TN.  I.C.L9& 


FIG.  IS. (b)  CIRCUIT  DIAGRAM  OF  RESET  l  DELAY  ELIMINATION  NETWORK. 


FIG.lt.  WAVEFORMS  OF  P  PULSE  GENERATOR 
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FIG.  20.  COMPLETE  LOGIC  DIAGRAM  OF  P  PULSE  GENERATOR. 
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FIG.  21.  LOGIC  DIAGRAM  OF  A  PULSE  GENERATOR. 


FIG. 22.  CIRCUIT  DIAGRAM  OF  A  PULSE  GENERATOR 


ntm  abstract  cards  arc  lnacrud  In  Mporca  and  Technical  Hotos  for  the  concent ones 
of  Librarians  and  otbars  idio  naad  to  aalntaln  an  Inf  arm  t  ton  Index, 


dstl 

Jlif 

ln/oi'm-.iikin  (  'our, 
/.-,/sy  sV'/-,7. ;  v 
{dstl]  i\,rton  7, 

If  f/;v 
VP.f  i.'.r  • 

2  2()6<}  ■(>:;> i 

/.•:  .'.'/fyv-  /•  / 


Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
USA. 


AD#:  AD436344 

Date  of  Search:  1 3  August  2008 

Record  Summary:  AVIA  6/1 9962 

Title:  Timing  pulse  generation  for  a  synchronous  logic  system 

Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI  Act:  30  years 
Former  reference  (Department)  TECH  NOTE  IEE  33 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 


This  document  may  be  treated  as  UNLIMITED. 


